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SOME PROPERTIES OF SOLUTIONS OF DIFFERENTIAL EQUATIONS WITH RETARDED ARGUMENTS
1_. We shall consider equations of the form (E) y (n) (t) + F(t,y(t(t)),y' (f(t)>,...y (n~1} (r(t))) = 0 and (Ej y (n) (t) + g(t )f (t ,y (t) ,y (t(t)) = 0,. 6 where g 'belongs to a family of functions G having some property W. By a solution of equation (E) (resp. (E )) we n / shall understand every function of class C satisfying (E) (resp. (Eg)) f°r sufficiently large t.
Let S^ denote the set of solutions of equation (E), and S-g the set of solu-S tions of (E_). We assume that S w ^ 0 and S™ £ 0. Let g & & Py be a propositional function defined on S E U Sg and let S -( t ) df E(t,y(T(t)).y' (r(t)) . .y^" 1 > (t (t))) Staicos 
U.Sztaba
The present work is based upon Theorem 1.1. In Section 2 we give sufficient conditions for the oscillation of all solutions of equation (E), in Section 3 sufficient conditions for the oscillation of all bounded solutions of equation (E). The following theorem ( [3] , [4] , [5] ) plays an essential role in our considerations. .. ,u Q ) :t ^ t Qf -oo < u^<tx> , i = 1...n| such that F(t f u,j.. ,u Q ) u^ > 0 for u^ ^ 0. Let fit; be defined, non-increasing and continuous for t > t Q such that -c(t) < t and lim t(t) =o° . We assume that n is even.
t-oo For convenience we formulate further assumptions in the form of the following hypotheses.
Hypothesis
H^. There exists a number o( < 1 such that for every function y(t) defined and continuous on [ty,o°), ty ^ t Q with the properties
(ii) y(t)y "^(t) < 0 for sufficiently large t we have
Hypothesis H 2 -There exists t, 0 < e. < n-1, such that for every function y(t) defined and continuous on [tyjoo), t y > t Qf with properties (i), (ii), we have
Hy For every function y(t) defined and continuous on [ty, ) with properties (i), (ii) we can select ji > 1 such that we have /7«(t)l n -1 ?^ty(-t(t)) t . y^1)(r(t))) = JL J y(trC-b)) |^ sgn y(t) Now we are going to prove the following theorem. Theorem 2.1. If any one of the hypotheses H^, H 2 , Hj holds, then every splution of equation (E) oscillates.
Proof. We apply Theorem 1.1. Let F mean: y oscillates. Suppose that H^ holds. Let us denote f (t,y(t),y(T(t))) = (yC-cC-b))! 04 sgn y(t), 0 < oc < 1, G = jg(t): g(t) defined and continuous on ["t g ,«>o ), oo g(t,y(r(t)),...,y (n -1) (ir(t) 
g(t) >0,J [ir(t) ri~1 g(t)dt =oo|.
In both cases we conclude the proof using Theorem 1.2, similarly as in the case 0 < o( < 1. Remark 2.1. If we assume that n is odd, then under the same assumptions we obtain that all solutions of equation (E) oscillate or tend to 0 together with all derivatives up to the order (n-1). If either H^ or H2 holds, we do not have to assume that the function % is non-increasing. Proof. Let
P" f(t,y(t),y(r(t))) = y(r(t))
sgn y(t), ji > 1 We define E to be the set of hounded solutions of the equation (E). Let y(t) e £ and assume that y(t) is not oscillating. From H^ it follows that r T(t) ln-1 F(t t y(r(t)),...,y
Hence the function E(t >y (r(t ))»•••**^ 1) (f(t))) belongs to |y(T(t))|P sgny(t) G, which was to be proved. 4 . We shall consider the equations (E') y"(t) + J(t t y(ir 1 (t)) f y'('C 2 (t))) = 0, (Eg) y"(t) + g(t)y(t) = 0.
We make the following assumptions concerning the functions F(t,u,v) and r(t): (1) ]?(t,u,v) is defined and continuous in the set {(t,u,v) s t > t Q , -co <u,v < too}. 8) tr(t) e C[t ,eo), T(t) » Ot r'(t)>0, lim r(t) =oo t -*-t >° then every non-oscillating solution of the equation y"(t) + y(t)h(t,y(t(t)), y'Wt))) = 0 is bounded.
Proof. The accepted assumptions guarantee the existence of the solution on the positive semi-axis. Observe that if y(t) is a nonr-bounded non-oscillating solution, then y(t)y' (t)>0 and y(t)y"(t)< 0 for t > t* > tQ. This implies that if t2 > t* then | y (fit,,) | < |y.("c(t2))| and y'iri^))! > |y'(tr(t2))|, h(t,y(<r(t), y'(r(t))) I I is monotonic for t > t * Since lim y(t) = oo f from (7) t 1 it follows that h(t,y(r(t)), y'(r(t))) = c > 0.
